The Central Iberian Zone comprises low-grade metamorphic zones alternating with Variscan thermal domes apparently equilibrated at the same pressure. The Variscan thermal domes are composed of authochtonous to allochtonous granites and anatectic complexes that represent remnants of the granite source layer. The anatectic complexes consist of ∼90% high-grade metasediments and ∼10% Cadomian ( Ma) felsic metaigneous rocks, the latter being 543 ‫ע‬ 6 extremely rare in low-grade metamorphic areas. The high-grade metasediments form part of the Schist-Greywacke Complex, the dominant formation of central Iberia, but compared with equivalent rocks from low-grade metamorphic areas, they are more fertile (67% vs. 31% of haplogranitic component), have a higher heat production (2.7 vs. m.yr. old). These differences reveal that the high-grade metasediments were derived 544 ‫ע‬ 14 from ∼540-m.yr.-old felsic igneous rocks, whereas the low-grade metasediments were derived from recycling older sedimentary rocks. A model of 1D transient geotherms for the postcollisional crust of central Iberia reveals that, after 25-30 m.yr. of thermal maturation, the high-grade metasediments of the source layer can melt if they were buried in the middle crust. The model provides a sensible explanation for the most relevant features of Variscan magmatism in this area, in particular, (1) the ∼50-m.yr. time span recorded by the source layer zircons; (2) the lack of subduction-related magmas and the scarcity of mantle magmas; (3) the lack of almost any intrusive activity during the first ∼30 m.yr. after crustal thickening, followed by (4) the sudden formation of huge volumes of crustally derived granite magmas, which (5) happened simultaneously all over central Iberia and (6) marked the beginning of the gravitational collapse of the orogen. Therefore, we propose that the Variscan thermal domes of central Iberia occurred where the Paleozoic sequence of the Schist-Greywacke Complex derived from a Cadomian felsic igneous protolith because of the elevated heat production and fertility of the metasediments.
Introduction
The Central Iberian Zone of the Variscides of western Europe (Ribeiro et al. 1995) contains numerous granite batholiths scattered within a 600-km-wide band centered on the orogenic axis, showing no perceptible across-orogen polarity in either age or granite typology. Most batholiths were formed within the period 325-300 Ma ( fig. 1A, 1B) , about 30-50 m.yr. after the Variscan collision of continental masses . The batholiths are uniformly composed of peraluminous K-rich S-type granodiorites and granites. Mafic rocks are very scarce or absent. The granitoids were derived from a layer of the Schist-Greywacke Complex (SGC) Manuscript received July 1, 2002; accepted January 9, 2003. 1 Institute of Precambrian Geology and Geochronology (RAS), Makarova emb. 2, 199034 St. Petersburg, Russia. (Bea et al. 1999) , the dominant metasedimentary formation of central Iberia. Remnants of the granite source layer, which formed anatectic complexes at pressures of 4-4.5 kb, are currently found inside or around the largest batholiths. Anatectic complexes and associated authochtonous to allochtonous granites form thermal domes with an exposed surface area of several thousand square kilometers, which alternate with low-grade metamorphic zones apparently equilibrated at the same pressure.
In recent years, the explanation favored for the origin of thermal domes in the western European Variscan belt has been the uprising of heated lower crustal materials owing to extensional tectonics (Brown and Dallmeyer 1996; Gardien et al. 1997; Aerden 1998; Escuder Viruete et al. 2000) . A combination of precise chronology and structural anal- ysis, however, has proven this idea to be unlikely, at least in some key cases such as the Montagne Noire of the French Central System (Matte et al. 1998 ). In our opinion the above extensional core complex model does not find support in central Iberia, where thermal domes and low-grade metamorphic areas are commonly composed of the same stratigraphic units and, except in a few rare cases, high-grade rocks of thermal domes do not contain mineral assemblages equilibrated at a pressure higher than ∼5 kb (but see Escuder Viruete et al. 2000) . Therefore, despite the undeniable relation of extension tectonics with the ascent and emplacement of central Iberia granites (Bea et al. , 1999 Villaseca et al. 1999) , we suspect the formation of thermal domes to be related to other factors. Since the lack of across-orogen polarity and subduction magmatism reveals no direct influence from a subducting slab and the scarcity of mafic rocks in the lower crust-as revealed by lower-crust xenoliths and geophysical studies (Banda et al. 1991 (Banda et al. , 1999 Villaseca et al. 1999 )-indicates that deep magmas did not advect sufficient heat from the mantle, we focused our attention on factors solely related to the postcollisional internal evolution of the crust.
To this end, we have compared the chemical and isotopic composition of high-grade metasediments of the anatectic complexes from inside the Avila Batholith ( fig. 1C) , with low-grade metasediments collected near the batholith and far from granitic areas. We first quantified the differences in bulk major-element and trace-element composition, paying special attention to the heat-producing elements (HPE; K, Th, and U) and potential granitic fertility. Then, we considered the origin of these differences using trace elements, Sr and Nd isotopes, and zircon morphology and single-crystal ages. Last, to understand the thermal evolution of the central Iberian crust after collision, we calculated the vertical profile of heat production and computed a set of 1D transient geotherms. These are in excellent agreement with geological and geochronological evidence, thus suggesting that a highly radiogenic and fertile source layer played a major role in the magmatic and tectonic evolution of the Iberian crust during Variscan times.
Geological Setting
The Variscan belt of Iberia comprises several paleogeographic zones roughly symmetrically arranged around the orogenic axis, with a total width of ∼1000 km (Julivert et al. 1972) (fig. 1A) . The largest and the most internal is the Central Iberian Zone; it consists of Late Proterozoic and Early Paleozoic metasediments and minor orthogneisses, intruded by numerous syn-kinematic or latekinematic Variscan granitoids. The first phase of Variscan deformation occurred at ∼360-350 Ma Serrano Pinto et al. 1987) , thickening the crust to ∼50 km. The thickening was mainly caused by the underthrusting of lower crustal units from the Ossa-Morena Zone ( fig. 1A ) beneath central Iberia (Azor et al. 1994; Aller 1996; Expó sito Ramos et al. 1998; Expó sito Ramos 2000) . After ∼30 m.yr., the main compressive phase was followed by a period of extensional tectonics, when most granites were produced (Bea 1985) . At the end of the Carboniferous, the Iberian crust was thinned to near its current thickness, as revealed by the subvolcanic emplacement of ∼283-m.yr.-old lamprophyres into Variscan mid-crustal terranes (Bea et al. 1999) . Seismic data reveal that at present, the Mohorovicic discontinuity is almost flat and situated at a depth of ∼32 km (Banda 1987) .
The SGC is the dominant metasedimentary formation of the Central Iberian Zone and hosts practically all the central Iberian batholiths. It is a monotonous sequence of variable thickness of ∼8000-15,000 m, of Late Proterozoic to Cambrian shales and sandstones with minor conglomerates and limestones; it contains no macrofossils. Shales and sandstones are composed of different proportions of quartz, albitic plagioclase, muscovite-illite, and chlorite, with accessory zircon, apatite, monazite, occasional xenotime, and locally abundant graphite. Detailed information of the SGC is given in Rodríguez Alonso (1985 ), San José et al. (1990 , Valladares et al. (1993 ), Vidal et al. (1994 , Ugidos et al. (1997a) , and references therein.
The Avila Batholith ( fig. 1C ) consists of two sectors, Gredos in the west (Bea 1985) and Guadarrama in the east (Fú ster and Villaseca 1987) . The Gredos sector is composed of coalesced plutons of strongly peraluminous granites and several anatectic complexes preferentially located along the axial zone of the batholith. The largest anatectic complex is Peñ a Negra ( fig. 1C) . It is mainly formed of diatexicordierite ϩ biotite ϩ sillimanite ‫ע‬ garnet tic migmatites derived from the metasediments of the SGC Pereira and Bea 1994) . Garnet geothermobarometry (Pereira 1993 (Pereira , 1998 coupled with zircon dating (see below) indicates that the anatexis peak happened at ∼325 Ma at ∼800ЊC and ∼4.5 kb. The Peñ a Negra metasedimentary series also contains subordinate amounts of marbles, calc-silicate schists, and quartzites, which can be mapped from the neighboring lowmetamorphic materials of the northern part of the . They consist of a coarse-grained, biotite-bearing augengneiss only locally migmatized, with still recognizable magmatic features such as enclaves, intrusive contacts, and aplo-pegmatitic dikes. There are also a few concordant layers of felsic rocks finely intercalated with metasediments, both usually strongly migmatized, which probably consisted of metarhyolites (Bea and Maldonado 1983) . In total, metaigneous rocks account for about 10% of the exposed surface of the anatectic complexes.
Samples and Methods
Samples. We studied a collection of 76 samples (∼10 kg each): nine orthogneisses, seven metarhyolites, and 48 high-grade metasediments of the anatectic complexes of the Avila Batholith, and 12 low-grade metasediments of neighboring areas ( fig.  1C ). All samples were analyzed for major and 40 trace elements, including 14 rare earth elements (REE), U, and Th. A representative subset composed of seven orthogneisses, 23 high-grade metasediments, and 10 low-grade metasediments was also analyzed for Sr and Nd isotopes. From one orthogneiss and three high-grade metasediments, we separated zircons and studied them by cathodoluminescence imaging and single-grain stepwise evaporation 207 Pb/
206
Pb analyses, checking a few grains by ion probe with the U-Pb method. We also used major-element data from another 173 samples of low-grade metasediments, most from the same region and others from all over central Iberia, collected from the literature (Rodríguez Alonso 1985; Nä gler 1990; Beetsma 1995; Nä gler et al. 1995; Tassinari et al. 1996; Ugidos et al. 1997a Ugidos et al. , 1997b ); in addition to major-element data, trace-element data were reported for 80 of the samples, 57 had published Sr isotopes, and 40 had published Nd isotopes (tables 1, 2).
Major-and Trace-Element Analysis.
Majorelement and Zr determinations were performed by X-ray fluorescence after fusion with lithium tetraborate. Typical precision was better than ‫%5.1ע‬ for an analyte concentration of 10 wt%, and ‫%5ע‬ for 100 ppm Zr. Trace elements, except Zr, were determined by inductively coupled plasma-mass spectrometry (ICP-MS) after digestion HNO ϩ HF 3 of 0.1000 g of sample powder in a Teflon-lined vessel at ∼180ЊC and ∼200 psi for 30 min, evaporation to dryness, and subsequent dissolution in 100 mL of 4 vol% HNO 3 . Precision was better than ‫%5ע‬ for analyte concentrations of 10 ppm. (9) MR (7) HGM (48) LGM-N (12)
LGM-F Note. Averages of orthogneisses (ON), metarhyolites (MR), and high-grade metasediments (HGM) from the anatectic complexes of the Avila Batholith, and low-grade metasediments from near (LGM-N) and far from granitic areas (LGM-F). Only siliciclastic metasediments were included. Numbers in parentheses represent the number of samples, except for LGM-F, for which the number of samples is shown in column n. P represents the probability that the high-grade (HGM) and low-grade (LGM-F) metasediments have the same average; it was calculated with a t-test assuming unequal variance. Nd were directly determined by ICP-MS following the method developed by Montero and Bea (1998) , with a precision better than ‫%2.1ע‬ and ‫%9.0ע‬ (2j), respectively. Zircon Dating. Zircons were conventionally separated using magnetic separators and heavy liquids. About 150-200 grains from each concentrate were picked under the microscope, classifying them by size, color, and morphology. About 75% of each population was mounted in a probe, polished, and studied under a scanning electron microscope equipped with backscattering and cathodoluminescence detectors. Representative grains of each population were dated with the 207 Pb/ 206 Pb stepwise-evaporation method (Kober 1986 (Kober , 1987 as follows: The zircon grain was mounted on a canoeshaped Re evaporation filament and heated until the lead beam was intense enough (∼200-400 206 Pb ions per second). Lead was collected on the ionization filament for 20-30 min and was then ana- lyzed in five blocks with seven scans per block. Once the analysis was finished, a new step was started by heating the zircon on the evaporation filament at a higher temperature than in the previous step (usually increasing the current by 50-100 mA) and analyzing on the ionization filament as before. The procedure was repeated until all the lead was exhausted from the zircon. The number of steps depended on the size and lead content of each zircon. Data acquisition was performed in dynamic mode (peak hopping), using a secondary electron multiplier as detector with the 206-204-206-207-208 . Standard errors for each step were calculated according to the formula:
However, the 2j confidence in-
terval for the final age is given by [X Ϫ where X and j are the t(0.025)j/n, X ϩ t(0.005)j/n], average and the standard deviation of measured steps, n is the number of steps, and t(0.025) is the upper (0.025) point of the t distribution for n Ϫ 1 degrees of freedom (Johnson and Bhattacharyya 1984, p. 296) . A few zircon grains were also dated by the U-Pb method using the Nordic geological ion microprobe facility (NORDSIM) in Stockholm following the method described in Whitehouse et al. (1999) .
Results
The major lithologic difference between the anatectic complexes and the low-grade metamorphic zones is the abundance of pre-Variscan metaigneous rocks in the former. Moreover, the highgrade metasediments of the anatectic complexes are isotopic and chemically different from those occurring in low-grade metamorphic zones. Rb, Ba, V, Cr, Zn, Ga, Nb, and Tl and a somewhat weaker correlation ( ) with the light rare r ≤ Ϫ0.6 earth elements (LREE). SiO 2 does not correlate with Na 2 O, CaO, and Zr. These patterns reflect the effect of mechanical sorting and indicate that these rocks were mature sediments with little or no component directly derived from igneous rocks (Beetsma 1995; Ugidos et al. 1997a) .
The high-grade metasediments are also chiefly terrigenous and include a few layers of marbles and calc-silicate gneisses. The similarities between the two types of metasediments, however, are superficial. On the one hand, the high-grade metasediments are notably more homogeneous ( fig. 2F, 2G fig. 3) .
Nd isotopes also show a progressive increase of primitive components toward the batholith (table  1; fig. 3 ). The distribution of 540 Ma (Nd) in low-grade metasediments is bimodal, with one maximum located around Ϫ8 and the other at about Ϫ3 ( fig. 3 ). This bimodality seems to be a specific feature of the pre-Variscan terrigenous sediments of Iberia, which is not found in other parts of the European Variscides and is interpreted as an evidence of the input of juvenile material during the pan-African orogeny (Beetsma 1995; Nä gler et al. 1995) . The intensity of the maxima at Ϫ8 decreases in lowgrade metasediments from near the batholith, reaching a minimum in high-grade metasediments, which frequently have 540 Ma (Nd) from Ϫ2 to 0. As before, the Nd isotope composition of the orthogneisses almost exactly matches the most primitive component of high-grade metasediments.
The distribution of Nd crustal residence model ages, however, does not reveal any significant differences; both high-grade and low-grade metasediments have T CR Nd within the same interval, 1.3-2.0 Ga ( fig. 3) , and yield the same average, close to ∼1.6 Ga.
Potential Granite Fertility and Heat Production. If we assume that the composition of anatectic melts at the onset of anatexis does not depart significantly from the ternary minimum of granite, the potential granite fertility of a protolith can be roughly estimated by the fraction of haplogranitic component that it contains, equivalent to 3.33 times the fraction of the least abundant CIPWnormative mineral among quartz, orthoclase, and albite. Accordingly, we found that the fertility of low-grade metasediments far from granitic areas is rarely greater than 50% and often close to zero, with an average of ≈31% (fig. 4) . Low-grade metasediments from near the batholith are more fertile, with a range of 19%-71% and an average of 47%.
High-grade metasediments yielded the highest values, with a range between 50% and 95% and an average of 67%.
Heat production at any time in the past can be calculated from K, Th, and U analytical data and the decay energies of their radioactive isotopes using the expression: U, respectively; t is the time; K 2 O is expressed as a percentage; Th and U are expressed in ppm; and the element coefficients were calculated from the abundance and decay energy of their radioactive isotopes (Schmucker 1969, p. 197) .
Calculations of heat production at 350 Ma ( fig.  4 ) reveal that all low-grade metasediments are in the range 0-3 mW m Ϫ3 , with an average of 1.4 mW m Ϫ3 . High-grade metasediments, however, are in the range 1-5 mW m Ϫ3 with a few outliers up to 16 mW m Ϫ3 (not shown in fig. 4 ). Their average is 2.7 mW m Ϫ3 , nearly double the heat production of lowgrade metasediments. Again, low-grade metasediments from near the batholith give intermediate values between these two extremes (1.8 mW m Ϫ3 ). Since metaigneous rocks are slightly more fertile and less radiogenic than the high-grade metasediments, the weighted (according to the fraction of exposed surface) averages of the heat production and fertility of the anatectic complexes of the Avila Batholith yield values of 2.6 mW m Ϫ3 and 70%, respectively ( fig. 4) .
Zircon Morphology and Ages. Zircons from orthogneisses are typically magmatic, euhedral, with well-developed oscillatory zoning ( fig. 5) Pb stepwise evaporation method yielded uniform ages from rim to core, with an average of 543 ‫ע‬ 6 m.yr. Two grains analyzed with the ion probe gave concordant U-Pb ages of m.yr. and 542 ‫ע‬ 12 m.yr., thus fully supporting the Pb-Pb age. 547 ‫ע‬ 11 The orthogneisses represent, therefore, Cadomian granitoids, the zircons of which did not record the Variscan anatexis simply because they were not in contact with melt (Watson 1996) .
Zircons from the profusely migmatized highgrade metasediments were, by contrast, severely affected by the Variscan anatexis. Accordingly, we classified them into three populations:
Restitic crystals. These represent 50%-80% of the total and in most cases have morphologies, , are between these two extremes. The average heat production and fertility of all materials of anatectic domains, composed of ∼90% metasediments and ∼10% orthogneisses and metarhyolites, are 2.6 mW m Ϫ3 and 70%, respectively. cathodoluminescence images, and ages nearly identical to the zircons of the orthogneisses (fig. 5) . Each grain has a nearly uniform age from rim to core. Of 18 grains from four different samples, 16 yielded uniform ages from core to rim in the range 530-560 m.yr., and two yielded older values of about 780-800 m.yr.
Overgrown crystals. About 20%-40% of the zircons show younger rims of Variscan age overgrown around an older core. In most cases, the age of the cores ranges between 530 and 600 m.yr., nearly the same as before, but we also found a few older cores, ∼1250 m.yr. in one grain (U-Pb ion microprobe) and ∼2600 m.yr. in another case (Pb-Pb stepwise Newly formed crystals. These crystals represent 5%-10% of the total. They are euhedral, with idiomorphic oscillatory zoning, and yielded uniform 207 Pb/ 206 Pb stepwise evaporation ages with an average of m.yr., and U-Pb ion microprobe 325 ‫ע‬ 6 ages in the range of 339-312 m.yr.
To debate the exact timing of Variscan anatexis is beyond the scope of this article. For us, it is enough to determine that it began at ∼355 Ma and ended at ∼300 Ma, with a peak at ∼325 Ma. As discussed in the next section, the most important information for our purposes is that most preVariscan ages recorded by the zircons of the highgrade metasediments are Cadomian.
Discussion
The Origin of High-Grade Metasediments. The intense migmatization affecting high-grade metasediments could, in principle, cast doubts on whether their different chemical and isotopic composition reflects a different provenance or is a consequence of the Variscan metamorphism. Inasmuch as the migmatization is unlikely to produce large geochemical migrations, except of highly mobile elements, we hold with the hypothesis that such differences are chiefly premetamorphic. To determine what caused them, we must consider the following.
The low-grade and high-grade metasediments have distinctly different ratios of elements such as Dy and Er, which, due to the small difference in their Me 3ϩ ionic radii (!3%), are not generally fractionated in petrogenetic processes. It is significant, therefore, that whereas low-grade metasediments have (95% confidence interDy/Er p 1.79 ‫ע‬ 0.03 val), the high-grade metasediments have Dy/Er p , which is indistinguishable from or-2.42 ‫ע‬ 0.11 thogneisses ( ) and metarhyolites Dy/Er p 2.56 ‫ע‬ 17 ( ) ( fig. 6 ). High-grade metasediDy/Er p 2.29 ‫ע‬ 22 ments could then have acquired their Dy/Er ratios through the inheritance of detrital monazite from the spatially associated metaigneous rocks, in which this mineral has and acDy/Er p 2.4 ‫ע‬ 0.2 counts for about 80% of the HREE budget (Bea 1996) . The Dy/Er ratios of low-grade metasediments, however, cannot be explained in this way, requiring instead a source with different REE composition and/or accessory REE mineralogy.
The Sr isotope composition of high-grade and low-grade metasediments is also notably different. Figure 6 . Er versus Dy scatterplot of metasediments, orthogneisses, and metarhyolites. Note that low-grade and high-grade metasediments define sharply separated trends indicating different provenance. Note also that high-grade metasediments plot on the same trend as metarhyolites and orthogneisses, thus indicating that these may be the protolith for the high-grade metasediments. . Note the scarcity of zircons older than 600 m.yr. in high-grade metasediments; observe that the fraction of zircon grains of Cadomian age found in low-grade metasediments is insignificant.
represented in low-grade metasediments) almost exactly matches the isotope composition of the orthogneisses ( fig. 3 ). This suggests that materials with an Sr isotope composition similar to the orthogneisses were represented in the source of the high-grade metasediments. It also indicates that the sedimentary process caused little Rb-Sr fractionation, that is, the sediments were immature, a conclusion totally consistent with their quasigranitic composition. Nd isotopes, although not so conclusive, also show the same picture. The most compelling evidence about the provenance of the high-grade metasediments, however, comes from their zircon morphology and age patterns. Most zircons from high-grade metasediments, aside from those clearly affected by Variscan anatexis, range from 530 to 570 Ma with a mean of Ma and are indistinguishable from the 543 ‫ע‬ 14 spatially related Cadomian orthogneisses precisely dated at Ma. Besides their identical age, 543 ‫ע‬ 6 the ∼540-m.yr.-old zircons of metasediments show such similarity in morphology and cathodoluminescence images with the orthogneiss zircons ( fig.  5 ) that we must conclude that they have a common origin. That is, ∼540-m.yr.-old zircons from highgrade metasediments were detrital grains derived from the Cadomian orthogneisses. The fraction of zircon grains of Cadomian age in low-grade metasediments, by contrast, is insignificant; according to Ferná ndez Suá rez et al. (2000), most of them range from 600 to 1200 Ma, with secondary but still important populations at ∼1900 Ma and ∼2600 Ma, none of which are perceptibly represented in the high-grade metasediments ( fig. 7) .
We therefore conclude that the high-grade metasediments found in the anatectic complexes of the Avila Batholith, though part of the SGC, had a different source from the low-grade metasediments. The high-grade metasediments provenance was dominated by Cadomian granites and rhyolites, which caused the elevated potential granite fertility and heat production that characterize them. The signature of the Cadomian component is still recognizable in low-grade metasediments from near the batholith but decreases to near zero in the metasediments far from granite areas, the prove-nance of which is dominated by sedimentary rocks (Beetsma 1995; Ugidos et al. 1997a Ugidos et al. , 1997b .
Thermal Implications.
To estimate whether a large zone with enhanced heat production and fertility might have caused partial melting in the middle crust, we have built a 1D model of transient geotherms that uses Mathematica and the Industrial Thermics software package (our program is available on request; it is written in Mathematica and requires Mathematica 3 or 4 and Industrial Thermics). The calculus engine is the function TransientPlate1D, which describes the temporal variation with time of the temperature distribution within a wall having different boundary conditions on either side and a distribution of initial temperature, thermal conductivity, density, and inner heat sources, which depend on the X coordinate. We used the following assumptions and boundary limit conditions.
Because the current thickness of the central Iberia crust is 32 km (Banda 1987) , its structure did not change after the Permian, and rocks equilibrated at 4-4.5 kb currently crop out at the surface, we assumed that the postcollisional crust must have reached a thickness of about 50 km. Geophysical data and lower-crustal xenoliths scavenged from Early Permian camptonite diatremes in the Avila Batholith (Bea et al. 1999; Villaseca et al. 1999) indicate that the lower crust is currently formed of intermediate to felsic peraluminous granulites with little haplogranitic component. Regarding heat production and fertility, therefore, we assumed that the crust was composed of an unfertile upper layer with a thickness of ∼16 km and heat production of ∼1-1.4 mW m Ϫ3 , similar to SGC lowgrade and younger Paleozoic metasediments; a fertile middle layer with a thickness of ∼8 km and heat production of ∼2.4-2.6 mW m Ϫ3 , similar to the anatectic complexes; and an unfertile lower layer with a thickness of ∼24 km and heat production of ∼1-0.6 mW m Ϫ3 , the range calculated from analytical data from 12 lower crustal xenoliths (Villaseca et al. 1999; F. Bea and P. Montero, unpublished data;  fig. 8A ).
As an outer boundary limit condition (depth p km), we assumed a fixed temperature of 10ЊC. As 0 an inner boundary limit condition (depth p 50 km), we assumed a fixed subcrustal heat flow of 0.023 W m
Ϫ2
, a conservative estimate for the subcontinental Moho (Schmucker 1969; Chapman and Furlong 1992) . The thermal conductivity was calculated as a function of the temperature using equation (3a) in Clauser and Huenges (1995) , corrected for the effect of pressure (10% increase with an increase of 5 kb; Clauser and Huenges 1995, p. 110; fig. 8A ). Finally, since structural evidence indicates that the Central Iberian Zone was thickened by the underthrusting of lower crustal units from the Ossa-Morena Zone ( fig. 1 ; Azor et al. 1994; Aller 1996; Expó sito Ramos et al. 1998) , we assumed that the initial temperature profile of the thickened crust resulted from the juxtaposition of the stable geotherms of both crustal segments before collision, thus corresponding to a superficial heat flow of 0.06 W m Ϫ2 (0 Ma geotherm in fig. 8B ). The calculated transient geotherms are plotted, along with the solidus curve for peraluminous metagreywackes experimentally determined by Vielzeuf and Montel (1994;  fig. 8B ). Once the geotherm intersects with the solidus and a partially molten layer begins to form, the silicates' latent heat of melting would buffer the temperature at the solidus as long as new melt is produced. If, for the sake of simplicity, we assume that the only heat source for increasing the melt fraction is the internally produced radiogenic heat, we can estimate the maximum melt fraction (MF) at any time after the geotherm reached the solidus as MF p , where t represents time after
reaching the solidus, HP is the heat production, d is the density, and h m is the latent heat of melting.
The results of the calculations ( fig. 8B ) indicate that after 10 m.yr., the geotherm intercepted the solidus curve in the middle crust. After 15 m.yr., the interception also occurred in the lower crust. After 30 m.yr., the two partially molten zones reached a similar thickness of ∼8 km, though with a totally different fraction of melt, in the MF ≥ 0.7 upper zone and in the lower zone. The MF ∼ 0.2 elevated MF of the middle crust implies that ∼30 m.yr. after collision it might have been the source of granite magmatism without any external supply of heat. The low MF of the lower crust, however, indicates that it could hardly have produced anything more "magmatic" than a migmatitic complex (Sawyer 1996 (Sawyer , 1998 .
Additionally, the changes in crustal rheology caused by an ∼8-km-thick midcrustal layer with such an elevated MF should have led the orogen to gravitational collapse (Vanderhaeghe and Teyssier 2001) , increasing concomitantly the production and segregation of melt resulting from both decompressional melting and the increased melting and segregation of melt in shear zones (Berger and Kalt 1999) . The partially molten zone would exist until the thickness of the solid layer overlying it permitted heat dissipation at a rate sufficient to first stop the production of new melt and then to crystallize all existing melt. A rough calculation shows that heat loss of 0.28 W m Ϫ2 , corresponding to a 7- Vielzeuf and Montel (1994) for peraluminous metagreywackes. After 30 m.yr., there are two zones of partial melting, one situated in the middle crust and the other at the base of the lower crust. The mid-crustal zone has a high melt fraction of and may be the source of granite magmatism. The lower crustal zone has a much smaller melt fraction MF ≥ 0.7 ( ), due to its low heat production, and is capable of producing only a migmatitic complex. Thermal calculations MF ∼ 0.2 were done with Mathematica and Industrial Thermics software programs.
km-thick upper layer, would dissipate the latent heat of crystallization in ∼1 m.yr. and therefore mark the end of midcrustal granite magmatism. Certainly, our model has limitations: it is one dimensional, it does not adjust the thermal conductivity dynamically for local variations in temperature, and it assumes a simplistic structure of the crust. However, it is based on a small number of reasonable assumptions and is robust because (1) after 30 m.yr., it converges to an independently calculated steady-state distribution of temperature, (2) it is little affected by small fluctuations in boundary-limit conditions and thermal conductivity, and (3) after 10 m.yr., it is independent of the initial temperature distribution. Moreover, the model provides a sensible explanation for the most important features of the Variscan granite magmatism of central Iberia such as (1) the ∼50-m.yr. time span recorded by the zircons of the source layer; (2) the lack of subduction-related magmas and the scarcity of mantle magmas; (3) the lack of almost any intrusive activity during the first ∼30 m.yr. after crustal thickening, followed by (4) the sudden formation of huge volumes of crustally derived granite magmas, which (5) happened simultaneously all over central Iberia and (6) marked the beginning of the gravitational collapse of the orogen.
Summary and Conclusions
The remnants of the granite source layer of the Avila Batholith comprise 90% high-grade, mostly terrigenous metasediments and 10% Cadomian metarhyolites and orthogneisses dated by singlegrain zircon techniques at Ma. The high-543 ‫ע‬ 6 grade metasediments are part of the SGC, the dominant metasedimentary formation of central Iberia, but they are significantly different from the lowgrade metasediments of the same formation. The high-grade metasediments are richer in CaO, Na 2 O, K 2 O, Rb, Cs, Sr, Ba, Ni, Th, and U but poorer in Y and HREE; they are more capable of producing granitic melts, having higher heat production, and being isotopically more juvenile than their low-grade equivalents.
These differences are caused by their different provenances. Whereas the source of low-grade metasediments was dominated by Middle Proterozoic sedimentary rocks (Beetsma 1995; Nä gler et al. 1995; Ugidos et al. 1997b) , our data reveal that the source of high-grade metasediments was dominated by Cadomian felsic igneous rocks. The Cadomian signature is perceptible in low-grade metasediments from near the batholith. The lack of similar studies in other thermal domes makes it very difficult, at present, to expand this conclusion to the entire Central Iberian Zone. However, since the scarce zircon data tenaciously point out that ages between 570 and 540 m.yr. are restricted to high-grade areas (Lancelot et al. 1985; Allegret and Iglesias Ponce de Leon 1987; Wildberg et al. 1989 ), we tentatively suggest that the formation of Variscan thermal domes was ultimately controlled by the lithology of the SGC and occurred where its Paleozoic sequence had a Cadomian felsic igneous protolith.
Additionally, we propose that the enhanced heat production and fertility of these zones played a decisive role in the thermal, magmatic, and tectonic evolution of the stacked postcollisional crust of central Iberia. A model of 1D transient geotherms predicts that after ∼30 m.yr. of thermal maturation, those parts of the middle crust having enhanced fertility and heat production might have been the source of abundant granite magmatism and may have triggered the extensional collapse of the orogen, predicting a sequence of events that matches almost exactly the model for the tectonomagmatic evolution of collisional orogens proposed by Vanderhaeghe and Teyssier (2001) . Despite its obvious limitations, the excellent correspondence between the model predictions and the age and evolution of granite magmatism in central Iberia leads us to consider that it describes a feasible mechanism for the generation of granites in a thickened, heatproductive, and fertile continental crust without significant contribution of heat from the mantle (Huerta et al. 1998 (Huerta et al. , 1999 McLaren et al. 1999) .
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